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Abstract-Heterogeneous metadata is used in 
different application systems of digital libraries, 
online shops, or enterprises. The schema of metadata 
may change frequently; therefore, issues about 
metadata management and manipulation may arise. 
Traditionally, administrators have to update the 
RDBMS database schema and the application 
programs while the schema of metadata changes. In 
this paper, XML-based Metadata Management and 
Manipulation Framework (XMF for short) is 
proposed to facilitate these tasks. In XMF, metadata 
of objects, the information about their relationships, 
and the keyword information are stored in XML-
format. By using XMF, administrators can perform 
retrieve and maintain metadata, keyword and 
relationship search, and handle the changes of the 
schema of metadata easily. To certify the feasibility 
of XMF, an application system based on XMF is 
shown. 
 
Keywords: Metadata Management, XML, Keyword 
Search, Relationship Information 
 
1. Introduction 
 

There are many application systems used in a 
digital library, an online shop, or an enterprise. 
Various kinds of metadata are used to describe 
digital objects, books, or a customer, and are 
manipulated in these application systems. 

Traditionally, a RDBMS is usually employed to 
store metadata and administrators have to take care 
of the changes of metadata schema. If schema 
change of metadata occurs (e.g. add the reprint 
information of a book, enlarge the data field length 

of the address of a company), administrators have to 
update the RDBMS table schema to meet the change. 
If there is a new type of metadata (e.g. an online 
shop starts to sell DVDs), administrators have to 
create the schema of this new type of metadata. 
These tasks are important for an application system, 
but boring for administrators. 

To reduce the load about these boring tasks, we 
survey some research and propose an XML-based 
framework, the XML-based Metadata Management 
and Manipulation Framework (XMF for short). In 
XMF, metadata of an object (a book, a transaction, a 
customer, etc.) is stored as an XML document. 
Besides, information about relations between objects 
is also kept in XML documents. 

XMF provides rich methods for retrieving and 
updating metadata and its structure. Taking into 
account of practicability, XMF also supplies the 
keyword search mechanism. User interface 
representation becomes easier in XMF, because style 
sheets can format an XML document easily.  

In Section 2, some related research would be 
introduced briefly. The main architecture and design 
of XMF are shown in Section 3 and 4. In Section 5, 
an application system based on XMF is introduced to 
show that XMF is effective. Finally, conclusions and 
future work are in Section 6. 
 
2. Related Work 
 

Maintaining various types of metadata is always 
an issue for digital content repositories, such as a 
digital museum, an online book shop, even an 
enterprise. Ruey-Shun Chen et al.'s propose a 
metadata management system to solve this issue [1, 
2]. In their system, metadata is stored in XML format. 
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Besides, the functions of schema construction, 
cataloguing, and import/export are supplied. 

Their approach can well handle the management 
of the metadata of one object. Even so, one 
shortcoming of their approach is that relationships 
between objects are not considered. If their approach 
is just used in a simple application system, the 
information on relationships is not necessary; 
however, the information on relationships between 
objects becomes very important in a larger scale 
application system, such as an online book shop. 

Morpho [3] is another XML-based framework 
that focuses on ecological data. In Morpho, 
Ecological Metadata Language (EML for short) is 
exploited to model ecological data. 

Besides, NeoCore Inc. proposes an XML-based 
information management system [4]. This system is 
designed to manage and manipulate the metadata 
about the research of bioinformatics that is a field 
developing fast and impossible for administrators to 
predefine all metadata fields in a RDBMS. As an 
XML-based framework, it is easy to extend the 
metadata fields while necessary. 

Although these approaches can handle metadata 
well and provide a new way to store metadata - store 
them in XML format, they are still short of the 
relationship management and the support of keyword 
search mechanism. XMF extends these approaches to 
solve these issues. 
 
3. XMF Architecture 
 

Research mentioned in previous section presents 
some solutions for metadata management and 
manipulation. However, those approaches are still 
not enough. XMF is proposed in this paper to solve 
the issues about the relationship information and 
keyword information in metadata management and 
manipulation, and Figure 1 shows the architecture of 
XMF. 

XMF contains three main layers: storage layer, 
constraint layer, and metadata manipulation and 
presentation layer. In the storage layer, XML 
Document Repository (XDR for short) takes 
responsibility of XML document storage and access. 
In the early development stage, XMF uses RDBMS 
to handle access tasks for simplifying the issues of 
storage, access, and efficiency. 

The constraint layer handles the tasks of metadata 
retrieval according to the given constraints, such as a 
keyword, or a unique id of an object. Currently, this 
layer contains three modules that can process these 
constraints: Relation Constraint Module (RCM for 
short), Filter Constraint Module (FCM for short) 
and Metadata Object Module (MOM for short). 
More modules may be added in the future, when 
necessary. 

To find out related information about an object is 
a frequent action in an application system. While this 

action is taken, the identifier of the object is used as 
a relationship constraint. In XMF, relationships 
between objects are maintained, and this relationship 
constraint can be well handled by RCM. RCM can 
retrieve the related objects according to the 
relationship constraint easily, and these would be 
returned as a metadata object collection. For example, 
if a user wants to review his/her historical shopping 
logs, RCM would retrieve the historical shopping 
logs from XDR according to the relationship 
constraint, the identity of this user. And these logs 
would be returned as a collection of metadata objects. 

A filter constraint is usually a keyword given by a 
user, and FCM can handle this constraint and 
facilitate the keyword search mechanism. In XMF, 
any field in the metadata of all object types can be 
configured as a keyword field. If a field is configured 
as a keyword field, the content of this field would be 
collected automatically for keyword search during 
the cataloging process. The detail about automatic 
keyword collection and the management of keyword 
fields would be described in Subsection 4.2. While 
receiving a filter constraint, a keyword from the user, 
FCM retrieves the metadata of objects which match 
the keyword. 

MOM, the primary component of XMF, handles 
the metadata of a digital object and takes 
responsibility of XML-format metadata retrieval, 
cataloguing, and update. Furthermore, it cooperates 
with RCM and FCM to handle the keyword 
information and the relationship information that are 
assigned by one user or retrieved from XDR. It also 
performs simple metadata presentation and supplies 
the XML-format metadata to the Presentation 
Transformation (PT for short) component for other 
format presentations. 

The PT component can transform the presentation 
from XML format into others, such as HTML. The 
transformation can be achieved by CSS, XSLT, and 
programs. 
 
4. XMF-based Application System Design 
 

Metadata management and manipulation is 
achieved by some operations, such as cataloging, 
update, and retrieval. Besides, XMF also provides 
the mechanisms of keyword field management and 
automatic keyword collection to meet the 
requirement of keyword search in general application 
systems. In the following subsections, these 
operations of XMF are described. 
 
4.1. Metadata Catalogue 
 

Figure 2 is the process of metadata cataloguing in 
XMF. A cataloguer can input the metadata of an 
object through the user interface. The metadata 
would be stored as a metadata object, which also 
records the relationship information that the 
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cataloguer assigns, and the keyword information in 
the metadata. The keyword fields of one kind of 
objects are predefined and are able to be changed 
dynamically. 

Then, MOM deals with the metadata object, 
stores the metadata and relationship information into 
the XDR, and stores the keyword information into 
the proper keyword information structure in the XDR. 
Then the cataloguing task is completed. 

 

 
Figure 1. The architecture of XML Metadata Framework (XMF). 

 
Figure 2. The process of catalogue in XMF. 

 
4.2. Automatic Keyword Collection 
 

To achieve automatic keyword collection, XMF 
has to perform three processes. 

1. Maintain the Keyword Information 
Structure Collection (KSC for short); 

2. collect the keyword information while 
cataloging; 

3. store the keyword information in the proper 
keyword information structure. 

The last two processes are easy and mentioned in 
Subsection 4.1, so they would not be discussed in 
this subsection. 

However, the first process is the most important 
to achieve automatic keyword collection. Without 
this, XMF cannot recognize the keyword type while 
receiving a filter constraint, and cannot make out 
which object a keyword belongs to, etc. The KSC is 
formulated as follows: 

KSC = { KS(1,T1), KS(2,T1), …, KS(i,T1), KS(1,T2), 
KS(2,T2), …, KS(j,Tk), } 

(1)

KS(j,Tk) = {K(Fj, O1), K(Fj, O2), K(Fj, O3), …, K(Fj, Om)}, 
where {O1, O2, O3, …, Om} are type of Tk 

(2)

The KSC is composed of a number of Keyword 
Information Structure (KS for short), as shown in 
equation (1). Each KS is used to store the keyword 
information of a metadata field of a type of objects, 
as shown in equation (2); in other words, each 
KS(j,Tk) is composed of keywords which belong to 
the metadata field, Fj, of the same type of objects, 
O1 to Ok . 

If a user gives a keyword of a metadata field of a 
type of objects as a filter constraint to perform a 
search action, XMF searches the keyword in the 
proper KS(j,Tk) and returns the metadata of objects 
which matches the keyword.  

Besides, because the metadata field of a type of 
objects is not required while searching, a keyword 
search for all fields of all types of objects is 
permissible. XMF would search the whole KSC 
while receiving one search of this kind. 

After constructing the KSC and the proper KS for 
a metadata field of a type of objects, XMF is able to 
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collect the keyword information automatically while 
cataloging or updating, and is able to provide 
keyword search mechanism. 
 
4.3. Metadata Retrieval 
 

The retrieval operation is used frequently in an 
application system. XMF encompasses three types of 
metadata retrieval. The processes are shown in 
Figure 3. 

First of all, for the most part, XMF retrieves the 
metadata of an object via the MOM by the unique-id 
of the object. Retrieving the metadata of a book is an 
example, and the processes are step 1 and 2 in Figure 
3. 

Second, a user may want to search for objects in 
the repository, and he/she can use a keyword of a 
metadata field as input of FCM. This component 
would retrieve the metadata of objects which match 
the keyword of the metadata field, and return the 
results as a metadata objects collection. The 
processes are step 3 to 6 in Figure 3. 

In addition, RCM is also useful, and its 
mechanism is similar to FCM except that the input of 
RCM is the unique-id of an object. For example, a 
user may want to browse other works of an artist 
while browsing one of them in an online shop. 
He/She can click the hyper-link of the artist and use 
the unique-id of the artist as input of RCM, and this 
component would retrieve and return the related 
works of this artist. The processes are step 7 to 10 in 
Figure 3. 
 

4.4. Metadata Update 
 

There are two types of metadata update: metadata 
field value update and metadata field schema update. 
Metadata field value update means that the data of a 
field is modified, for example, the edition number of 
a book changes while a new edition is published. 
Metadata field schema update means that the schema 
of metadata of one type of objects changes, for 
example, the warranty field of a product is replaced 
by two fields, international warranty and local 
warranty. 

If the value of the metadata of one object needs 
modification, XMF retrieves the metadata, keyword 
information and relationship information into one 
metadata object. Then, the metadata object shows the 
information in the user interface. After the 
modification, the metadata object updates the value 
of metadata in XDR. The keyword information and 
relationship information are updated in the same 
manner if necessary. 

The task of dealing metadata field schema update 
is more complex. The keyword information may 
need reconstruction while the keyword field of 
metadata is changed. For example, if the warranty 
field is a keyword field of one product and this field 
is replaced by two keyword fields, local warranty 
and international warranty, XMF has to drop the 
whole KS of warranty, and create two KSes for local 
warranty and international warranty, as shown in 
Figure 4. 
 

 

 
Figure 3. The process of metadata retrieval in XMF.
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Figure 4. The process of metadata field schema change in XMF. 

 
5. XMF-based System 
 

NCTU e-go, an online shop, is an application of 
XMF. In the backend system, administrators can 
catalogue and update goods information, manage the 
keyword information structure, and deal with orders. 

Users can browse goods, search for goods by 
keyword, make an order, etc. Figure 5 and Figure 6 
show the cataloguing operation, the metadata of a 
good in XML format, and the management of the 
keyword information structure respectively. Figure 7 
shows searching results and detail of a good 
browsing.

 

 
Figure 5. Cataloguing operation. 
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Figure 6. Management of keyword information structure. 

 
Figure 7. Keyword searching and goods browsing. 

 
6. Conclusions and Future Work 
 

XMF is a general XML-based framework that 
supplies a new way for metadata management and 
manipulation. Relationship management and 
keyword search mechanism are also provided to 
meet the demands of practical application systems. 
Besides, application systems based on XMF can take 
metadata management and manipulation easy. 

In the future, XMF will be used to build up more 
application systems which store various types of 
metadata, such as an online comic showroom, and a 
distant learning system. Besides, the functions of 
XMF will be extended, and the support of XML 
Schema and customized representations will be 
added in. As a result, XMF can import and export 
XML Schema of an object, and generate proper 
XML Schema for the metadata of an object. 
Customized representations enable XMF to be used 
for building up some personalized information 
environment of application systems, such as a 
personalized bookshelf of a digital library, a 
personalized schedule of an enterprise system, etc. 
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